Objective To determine the true community prevalence of human cystic (CE) and alveolar (AE) echinococcosis (hydatid disease) in a highly endemic region in Ningxia Hui, China, by detecting asymptomatic cases. Methods Using hospital records and "AE-risk" landscape patterns we selected study communities predicted to be at risk of human echinococcosis in Guyuan, Longde and Xiji counties. We conducted community surveys of 4773 individuals from 26 villages in 2002 and 2003 using questionnaire analysis, ultrasound examination and serology. Findings Ultrasound and serology showed a range of prevalences for AE (0-8.1%; mean 2%) and CE (0-7.4%; mean 1.6%), with the highest prevalence in Xiji (2% for CE, 2.5% for AE). There were significant differences in the prevalence of CE, AE and total echinococcosis between the three counties and villages (with multiple degrees of freedom). While hospital records showed 96% of echinococcosis cases attributable to CE, our survey showed a higher prevalence of human AE (56%) compared to CE (44%). Questionnaire analysis revealed that key risk factors for infection were age and dog ownership for both CE and AE, and Hui ethnicity and being female for AE. Drinking well-water decreased the risk for both AE and CE. Conclusions Echinococcosis continues to be a severe public health problem in this part of China because of unhygienic practices/ habits and poor knowledge among the communities regarding this disease.
Introduction
Echinococcosis is caused by adult or larval stages of cestodes belonging to the genus Echinococcus (Taeniidae). Larval infection (hydatid disease; hydatidosis) is characterized by long-term growth of metacestode (hydatid) cysts in the inter--mediate host.
Echinococcus granulosus and E. multilocularis -the two major species of medical and public health impor--tance -cause cystic echinococcosis (CE) and alveolar echinococcosis (AE), respectively. While both CE and AE are serious diseases, AE has a high fatality rate and poor prognosis if managed inappropriately. .
Community surveys and risk factor analysis of human alveolar and cystic echinococcosis in Ningxia Hui Autonomous Region, China

‫صفحة‬ ‫يف‬ ‫بالعربية‬ ‫امللخص‬ ‫عىل‬ ‫االطالع‬ ‫ميكن‬
China is endemic for both CE and AE, with a greater prevalence in the north and north-west. 1 Human cases of CE reported from 33 provinces/au--tonomous regions in China account for more than 98% of echinococcosis cases with Gansu, Ningxia Hui Autonomous Region (NHAR), Qinghai, Sichuan, and Xingjiang being co-endemic for CE and AE. 1, 2 Red foxes and small mammals are the main definitive and intermediate hosts, respectively, for E. multilocularis in the NHAR. 3 E. granulosus is primarily transmitted between domestic dogs and sheep. CE is present throughout the NHAR, whereas AE occurs in three con--fluent mountainous counties (Guyuan, Haiyuan, Xiji) in southern NHAR.
We undertook a community survey in 2002 and 2003, using ultrasound and serology, to detect asymptomatic cases for assessing the true prevalence of human CE and AE among rural com--munities in Guyuan, Longde and Xiji. We also sought to identify risk factors for both these diseases.
Methods
Study area and population
Guyuan, Longde and Xiji counties are situated on the Liupan mountains (av--erage altitude 2200 m above sea level). The socioeconomic structure, land-use and population density of these counties are representative of rural mountainous regions of NHAR. People in this region are poor; subsistence agriculture and livestock herding (sheep, goats, cattle) are the main income sources. During the course of the community surveys and searches of local government records, it became evident that the dog popu--lation had decreased dramatically by 1997 due to poisoning as the secondary effect of a poison-bait rodent control programme.
Half the population of Guyuan and Xiji is Han while the other half is Hui Chinese (a minority ethnic group, with their distinct religion (Islamic), lifestyle and customs). Though the majority (91%) living in Longde county are Han, their lifestyle is comparable to those from Guyuan and Xiji. Village populations ranged from 200 to 1900 people (aver--age, 400). We also surveyed three local primary and middle schools in Xiji.
Community surveys
We used hospital records and "AE-risk" landscape profiles 4 to select village com--munities in Guyuan, Longde and Xiji counties predicted at risk of human CE and/or AE. We received approval for the surveys from the Ethics Committee of Ningxia Medical College, and obtained written consent from all adult partici--pants and parents of minors five years or older who agreed to participate. We conducted participant interviews using a questionnaire to collect demographic, epidemiological and risk factor data. We took a small blood sample from the ear lobe of each participant for specific antibody testing by enzyme linked im--munosorbent assay (ELISA) using E. granulosus cyst fluid antigen B (AgB) and E. multilocularis crude protoscolex extract (EmP). 5, 6 We performed an ab--dominal ultrasound (US) scan on each participant, using a portable ultrasono--graph (Aloka, Japan, model 3.5 MG67N-35F2.4) to differentiate advanced AE from CE in the liver. 7 We used serum (prepared from 5 ml venous blood samples) from individuals with a surgical history of CE or AE, an abnormal US image and those with no cystic lesions detected by US during the surveys, as negative controls. We transported serum samples at 4 ºC and later stored them at -20 ºC before processing for ELISA.
We employed the WHO recom--mended US classification for CE 8 and the PNM system, proposed by the European Network for Concerted Surveillance for classification of AE. 
Statistical analysis of data
We used Epi-Info and SPSS 11.5 to anal--yse data from interviews/questionnaires, US scanning and serology. Differences among groups were compared using the c² test. Odds ratios and 95% confidence intervals for the multivariate analysis were calculated using multiple logistic regression models. 
Results
Structure of the surveyed populations
The sex ratios (female:male) in the three counties were 1:1.09 in Guyuan and Longde ( (Table 2 ). Surveyed subjects were of both Han and Hui national--ity in Guyuan and Xiji counties, but in Longde, the residents were all Han ( Table 1 ). The residents were mainly farmers (64%) or students (31%), with the remainder (5%) comprising busi--nessmen, village leaders, civil servants, teachers, public health workers and military personnel.
Of the 4778 who participated in our 2002 and 2003 surveys, 4773 were residents of the surveyed areas and be--longed to 26 communities within 16 townships in the three counties (Table  3) . We surveyed approximately 25% of the total rural population from Guyuan, 80% from Longde and 12.5% from Xiji. Within Xiji, 2.3% of the population was urban and 73% rural. The average rural population coverage was 36%.
CE and AE prevalence determined by US
The overall echinococcosis prevalence de--termined by US was 3.6% (171/4773); 0-8.1% (mean 2%) for AE and 0-7.4% (mean 1.6%) for CE. The highest preva--lence of echinococcosis was 4.5% in Xiji (2% for CE, 2.5% for AE), while Guyuan and Longde counties had prevalences of 0.9% (0.3% for CE, 0.6% for AE) and 0.6% (CE only), respectively (Table 1) . There were significant differences in prevalence of CE, AE and total echi--nococcosis infections between Guyuan and Xiji (c² = 12.4, P <0.001; c² = 11.9, P <0.001; c² = 24.6, P <0.001), of AE between Xiji and Longde (c² = 2.9, P <0.05) and of total echinococcosis infections (c² = 4.3, P <0.05) ( Table 1) . There were no significant differences between Guyuan and Longde for CE and total echinococcosis infections, or between Xiji and Longde for CE infec--tion, but a comparison of the three coun--ties for CE, AE and total echinococcosis showed significant differences (c² = 14.2, P <0.001; c² = 16.6, P <0.001; c² = 30.3, P <0.001).
Some villages, especially in Xiji county, had a higher AE prevalence than CE. Some had either high or low prevalences of both diseases, and in some no cases were detected. We com--pared prevalences using a c² test with multiple degrees of freedom as many villages had low or zero prevalence for CE or AE. Our results showed a high degree of heterogeneity in prevalences among communities and villages within/ between counties (Table 3 ). We found highly significant (P <0.01) differences for CE, AE and total echinococcosis for village communities within Xiji county and between Xiji and Guyuan. However, there were no significant differences in echinococcosis prevalences within vil--lages in Guyuan county.
We found no significant gender as--sociations; AE cases occurred in 62.5% (60/96) females (c² = 7.8, P <0.01) and CE cases occurred in 58.6% (44/75) females (c² = 3.2, P = 0.07) ( Table 1) . There was a highly significant difference between the Hui and Han ethnic groups for AE (c² = 5.2, P <0.05) ( Table 1) .
The ages of AE and CE patients ranged from 19-73 years and from 18-79 years, respectively (Table 2) . Age-prevalences increased from 0.12% in those aged 20 years or less to 6.8% for 
Seroprevalence among schoolchildren
Of the 121 females and 148 males (age 7-15 years) tested serologically using EmP and AgB antigens for antibody detection by ELISA (Table 4) , we found significantly more EgB seropositive in--dividuals (c² = 24.2, P <0.01) among Hao-Zi-Wan school students, all of whom were Han. Significantly more students from Nan-Wan school dis--played sero-reactivity for EmP (c² = 8.3, P <0.01), all of whom were Hui. Seropositive students from Huo-Shi-Zhai local schools were predominantly of Hui ethnicity, in whom anti-EmP reactivity was significantly higher than for EgB (c² = 5.6, P <0.05). Seropositive rates between boys and girls in the different schools were not significantly different.
Questionnaire and relative risk analysis
We evaluated 4773 participants and estimated prevalence odds ratios, with Pvalues, for each potential risk factor for CE and AE obtained by univariate analy--sis as a preliminary screen (Table 5 ; web version only, available from http://www. who.int/bulletin). The risk of having either AE or CE significantly increased among individuals older than 30 years, farmers and dog owners (especially those who had owned a dog for over 5 years). Increased risk for AE was associated with Hui ethnicity, female gender and drink--ing spring-water. There was decreased risk for AE infection among those who drank well-water and decreased risk for CE infection among those who drank unboiled water.
To allow for confounding effects we carried out a multivariate analysis using a logistic regression model (Table 6) to further investigate the risk factors, including those that had shown asso--ciations with disease in the univariate analysis. The possibility of AE or CE infection increased among individuals older than 30 years and dog owners, but not among farmers. Increased risk for AE was also associated with Hui ethnicity and being female, but not with drinking spring-water. Drinking well-water decreased the risk for AE and CE, while drinking unboiled water did not decrease the probability of being infected with CE.
Discussion
Despite the establishment of extensive and successful control programmes for CE and AE, E. granulosus and E. multilocularis continue to have a wide geographical distribution. This is a cause for concern as they are likely to persist or re-emerge in many endemic areas worldwide and also readily spread from endemic to non-endemic areas, causing severe disease and considerable economic loss. 1, 10 Our study provides an update on a highly endemic focus for AE and CE in NHAR, China and exemplifies the serious public health problem that echinococcosis presents, particularly in poor rural communities.
A previous retrospective clinical study of echinococcosis incidences in southern NHAR identified highly en--demic foci and a highly heterogeneous distribution of both CE and AE cases. 2 This survey of hospital records for the period 1994-2001 showed the incidence of combined cases of CE and AE to be 7 per 100 000 for southern NHAR, com--pared with 1 per 100 000 for the north--ern zone, represented by the capital city, Yinchuan. Human AE cases were only recorded in a confluent area comprising the three southern counties of Guyuan, Haiyuan and Xiji despite CE cases occurring over the whole of NHAR. 2 While the hospital records showed an overall majority (96%) of cases result--ing from CE, our community survey results revealed a higher prevalence of human AE (56%) compared to CE (44%), thereby demonstrating that hos--pital records though relevant for CE are grossly inaccurate for AE case detection, particularly in this rural under-developed region. Although the overall human echinococcosis prevalence detected by US was 3.6%, the distribution was heterogeneous between counties, and also within Xiji. We found that while a retrospective survey of hospital records was beneficial for identifying regions of endemicity, 2 active community surveys revealed far more detailed information in rural areas, especially for AE.
The asymptomatic period for hu--man AE and CE is 5-15 years, but CE is much more likely to be detected by the patients themselves and confirmed by local or regional health centres. Human echinococcosis is endemic in regions with poor economic conditions, accom--panied by low education levels and poor medical facilities, 11 thus resulting in these predominantly rural people often failing to seek medical attention. 12 Therefore, active identification of human echino--coccosis cases at the community level, especially in rural areas, is a necessary step for accurately evaluating the true extent of the disease in a given endemic focus. 1 The risk factors we identified for AE and CE -poor hygienic practices, fe--male gender, low income, limited educa--tion and dog ownership -were similar to those reported in previous studies. [13] [14] [15] [16] [17] Although dogs from the neighbour--ing Gansu Province were known to be infected with E. multilocularis, this was not confirmed for dogs in Ningxia. 3, 18 In Gansu Han communities, dog ownership was a risk factor for AE. 19 In contrast to a previous study, 20 in our survey echino-- coccosis was not significantly associated with uncooked food collected from the field or garden, livestock ownership, or home slaughtering. Our results re--vealed some unexpected results, such as increased risk related to having some knowledge of human echinococcosis, probably due to misunderstanding of the true risk factor situation. This empha--sizes the necessity for investigators to be aware of the possibility of bias in answers by interviewees or in the interpretation of risk factor data. In contrast to another study, 21 farm--ing was not an important risk factor for echinococcosis in our analysis, probably because the majority of our participants came from a rural population, and were thus farmers.
As reported in another study 22 our results showed that use of well-water decreased the risk of contracting either AE or CE. The wells in our study area were deep (because of the low water table), sturdy and less likely to be con--taminated by faeces from wild animals or livestock, as protective lids covered the majority of wells.
Within the surveyed zone, vegeta--tion and wildlife, including foxes used to be more abundant in this mountain--ous area in the past and E. multilocularis infections in animals were well docu--mented in the 1980s. 3, [23] [24] [25] During the past 50 years, the natural landscape (such as forest, pasture) in NHAR has been modified to an artificial landscape of farmland and urban areas thus increasing soil erosion and changing local climatic conditions with more frequent droughts, floods and pests, thereby affecting wildlife biodiversity. 19, 26 The variable prevalence of human AE and CE among communities may be associated with different micro-environmental features of various localities, including a range of biotic and abiotic factors. [27] [28] [29] [30] Our results showed a predominance of AE and CE infections in females in NHAR probably because women are more involved in farming and herding livestock, as well as more likely than men to come in contact with dogs. Increased susceptibility to Echinococcus infection, however, may also be affected by physi--ological and genetic factors. 31, 32 The lack of gender differences in Echinococcus seropositivity among teenage school--children suggests that there is a similar level of exposure to infection for boys and girls. The higher prevalence of infec--tion in adult females may be the effect of physiology and farming or increased contact with dogs. 19 In concordance with previous re--ports, 13, 14, 33 our survey revealed some 
Resumen
Encuestas comunitarias y análisis de los factores de riesgo de la equinococosis alveolar y quística humana en la Región Autónoma de Ningxia Hui, China
Objetivo Determinar la verdadera prevalencia comunitaria de la equinococosis (hidatidosis) alveolar (EA) y quística (EQ) humana en una región de alta endemicidad de la enfermedad en Ningxia, China, detectando para ello los casos asintomáticos. Métodos A partir de registros hospitalarios y patrones de paisaje de la EA, seleccionamos varias comunidades de estudio con riesgo probable de equinococosis humana en los cantones de Guyuan, Longde y Xiji. En 2002 y 2003 realizamos encuestas comunitarias entre 4773 personas de 26 aldeas, utilizando cuestionarios, ecografías y análisis serológicos. Resultados La ecografía y la serología revelaron un intervalo de prevalencias de EA (0% -8,1%; media: 2%) y EQ (0% -7,4%; media: 1,6%), con la prevalencia más alta en Xiji (2% para la EQ, 2,5% para la EA). Había diferencias importantes de la prevalencia de EQ, EA y equinococosis total entre los tres cantones y aldeas (con varios grados de libertad). Aunque los registros hospitalarios mostraron un 96% de casos de equinococosis atribuibles a EQ, nuestra encuesta mostró una prevalencia de EA humana (56%) superior a la de EQ (44%). El análisis de los cuestionarios reveló que los factores de riesgo de infección más importantes eran la edad y el hecho de tener perro, tanto para la EQ como para la EA; y la pertenencia al grupo étnico Hui y el sexo femenino para la EA. Beber agua de pozo reducía el riesgo tanto de EA como de EQ. Conclusión La equinococosis sigue siendo un grave problema de salud pública en esa parte de China, debido a unos hábitos y prácticas poco higiénicos y al escaso conocimiento de la enfermedad entre las comunidades.
association between infection prevalence and unhygienic behaviour or lifestyle. In one of the villages, where teenagers showed higher EmP than EgB sero-reactivity, tap water had replaced spring water in 1997 and the numbers of wild and owned dogs had also decreased considerably. We have evidence that foxes (susceptible rodent species for AE) occur in areas (identified by faeces) close to this community, 34 sug--gesting current continued transmission of AE. However, the combined effects of the change in water source and the reduction in definitive hosts (dogs) may explain the apparent interruption of CE transmission to humans in this locality. Although, current use of tap water seems safer than the previous use of unprotected spring or river water, the lifestyle of these rural people has not changed thus continuing AE transmission.
Conclusions
Unhygienic practices and habits emphasize the poor knowledge that NHAR communities have about echinococcosis, thus sustaining active transmission of E. granulosus and E. multilocularis. Since infection occurs though accidental ingestion of contaminated (with Echinococcus eggs released in dog or fox faeces) garden vegetables, water or soil, 35, 36 residents in endemic areas should be educated about careful washing of hands and food, and the importance of drinking clean, uncontaminated water. Feeding of livestock offal to dogs should be avoided as it is a starting point for the E. granulosus life cycle. 35 We suggest that health education programmes integral to echinococcosis control be initiated early because most infections are acquired during childhood. 37, 38 
